Teeth are typically non-regenerative and permanent skeletal structures and their resilience to aging is one of the top requirements for the survival of the species. Recent investigations on mechanical properties of laboratory-made teeth enamel analogs show that they have a unique combination of stiffness, E, and vibration damping, tanδ [1]; this combination provides the load bearing organs the ability to resist slowly accumulating damage due to omnipresent oscillatory stresses. However, stiffness and vibrational damping are known to be the properties contrarian to each other, i.e., improvement of one results in deterioration of the other. Furthermore, it is believed that it is impossible for materials to possess both of these properties beyond the limit of E·tanδ = 0.6 [2]. However, enamel and dentine in teeth show E·tanδ exceed such limit [3] . The enamel layer of teeth has unique architecture based on stiff inorganic columns with high inorganic volume content of 85 vol.% [4] . Kotov and coworkers [1] at the University of Michigan found that the columnar orientation of enamel is preserved throughout the ages and among different living creatures. Columnar organization is also present in exoskeletons of long-living sea animals perhaps for the same purpose of
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This work is a pioneering study on the new family of biomimetic composites. To understand better the breakthroughs made here, it is useful to mention that horizontally laminated structures found in a variety of organisms are serving as drivers of the technology in many areas. One well known example of biological composites that spurr the development of ultrastrong materials with the combinations of optical, electrical, and thermal properties, is nacre of abalone shell also known as mother-of-pearl. Nacre is composed of 300-900 nm thick CaCO3 platelets sandwiched with 10-30 nm thick organic layers. Being started as a fundamental academic study to understand better the origin of its toughness and iridescence, nacre replicas are now used not only in protective materials but also in electronics, energy storage, sensors, etc. In addition to high mechanical properties, the artificial nacre-like materials have also been used for aesthetic purposes, for instance in construction of iridescent walls of Guggenheim Museum in Bilbao. The production of nacre-like artificial material with exceptional combination of properties is now utterly scalable as exemplified by Mao et al. [6] , utilizing a chitosan matrix for matrix-directed mineralization of CaCO3 aragonite microcrystals to mimic well-ordered laminated structures of nacre. Also other synthetic approaches have been developed to realize such planar structural motif in artificial nanocomposites [7, 8, 9] . However, studies on the artificial nanocomposites with columnar structures have been barely performed so far, although we can find such motif in a wide range of biomaterials.
Inspired by the vertical orientation as structural motif, Kotov and coworkers [1] synthesized artificial enamel biocomposites. They mimicked the vertical orientation of inorganic columns in enamel with vertically oriented zinc oxide (ZnO) nanowires grown onto the substrates (Fig. 1) . The protein-based organic matrix of biocomposites was replicated by layers of two polyelectrolytes, polyallylamine and polyacrylic acid infiltrated between ZnO nanowires using layer-by-layer (LBL) assembly method. After repetition of the growth of inorganic nanowires and infiltration process with organic materials, they succeeded to build ZnO/LBL multilayered nanocomposites with inorganic volume content of 67 vol.% and investigated static and dynamic mechanical properties of the ZnO/LBL nanocomposite films. For static measurements, a modulus of 39.8 GPa and a hardness of 1.65 GPa for the ZnO/LBL nanocomposites were obtained, which were comparable to the modulus of 62-108 GPa and hardness of 1.1-4.9 GPa for tooth enamel (85 vol.% of inorganic content) [10] . Oscillation damping coefficient, tanδ is as high as 0.067, which was 10-100 times higher than that of the conventional materials with similar moduli. Additionally, weight adjusted viscoelastic figure of merit (VFOM) exceeded the limit (E′/ρ) × (tanδ) 0.5 = 0.8, comparable to the values of dentin layer of tooth and outstripping the perceived boundary of conventional materials.
The method reported by Kotov et al. for making enamellike columnar nanostructures is of particular advantage in making large-area materials, which is essential for putting such biomimetic composites into practical use for a wide range of technological needs from vibration-resilient computer chips, safe batteries, and long-term biomedical implants to aviation and automotive industry. Given the scalability of the biomimetic materials [6, 7] , one can envision that the columnar architecture enamel can also inspire advances in the vibration isolation of the large scale structures including 3D-printed buildings.
